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FOREWORD

This report was prepared by General American Research Division (GAiD)
of General American Transportation Corporation, "(449 North Natchez Avenue,
Nil. iTlinois 60648 in fulfillment of the work required under Contract
No. F08635-69-C-0l57 for the design, develOpment, w Ia f'urivul,, o " L
model of a 7.62!nm nonrotating, externally powered, mulLiple-barrel gun. The
program, d..g..tcd Cam ) Project, 1485. was performed under the technical
supervision of the Air Force Armament Laboratory (DLDG), Eglin Air Force
Buse, Florida. Work on this program was initiated on 13 April 19'(0 and
coricluded on 13 July 1971. The program monitor for the Arxnwnit Laborutory
was Mr. Earl Wilson.

The assistance and guidance of Air Force Aurmauuent Laboratory personnel,
particularly Messrs. Dale M. Davis and Earl Wilson, is acknowledged.

This technical report has been reviewed and is approved.

4LMUEL D.H0RTO ConeUA
Chief, Guns and Rockets Division
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AIRYPR'IACT±

Tihe dvevlopmteit of a '(. LIiim gun is derib~id Logether with drawings,
Photographs, a i'iring umwmary, and a .ierius uf' diagi-Wins to illubstrate the
fLow ol' rounds. The gun features a stationary barrel cluster. Rotating
"_co:d te br'e! c±,:te is u. pl.-*.t. ry mo ohar srn that feeds and removes
aimmuwiition from the gun. 'The planetary mechanism is supplied by a continu-
ous flow delinker/feeder that accepts linked ammunition. The gun was
designea to uue standard 7.6iour mini-gun barrelb, bult tsumblieG, bolt guide-
ways, and a gun rotor which is altered for this application. A 24-volt DC
electric motor is used to drive the weapon system.

DPirtr !iut.t,r.i t_ pl, d t, U.S, (,ovr't .  n ,e 0otes on1t
'u'jt I l . Ot, mr' roquests

distribution limitation applied August 1971. Other requests for
this document must be referred to the Air Force Armament Laboratory
(DLDG), Eglin Air Force Base, Florida 32542.
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LMIIUN I

INTWUDUC'ION

At the present timue the 7.62mi GAU-2/A and tile 20mm M61 guns constitute
the prime high rate of fire guns used by the Air Force. Both of these six-
barrul wetjvLiuf. operato on the Oatling principle wherein the barrel cluster
rotates. This rotation imparts a tangential velocity to the projectile upon
iauzzle exit, the velocity being proportional to the rate of rotation of the
barrel cluster. For a variable rate of fire gun, i.e. , changeable barrel
cluster rotational velocoities, the corresponding varying tangential
vulocities result in different impact coordinates for each rate. As a result,
tactical fighter pilots have complained of the inherent error induced in
predicting target impact coordinates at varying rates of fire.

Tie nonrtating multiple-barrel gu principle is intended to overcome
the above deficiencies of the Gatling-type guns by using a mechanism which
circulates around the stationary barrels to feed, load, fire, and clear each
barrel in turn, while the mechanism itself is replenished from an ammunition
magazine. This operating principle offers a definite advantage over the
Gatling principle in that the externaL drive system is not required to
accelerate the relatively massive inertia associated with the six rotating
barrels. The anticipated lower inertia associated with the rotating squirrel
cage feeder used with the nonrotating barrel system will result in a more
rapid acceleraUlor to full rate of fire. Furthermore, the stationary-barrel
gw should result in a better hit probability at all rates of fire when
compared to a Gatling-type gun where there are constantly varying barrel
rotational velocities during the acceleration and deceleration phases as well
as different velocities associated with each rate and correspondingly fewer
rounds out of a given burst placed on the target.

This effort for a 7.62m firing gun is a follow-on to a previous effort
during which a hand-operated non-firing model was designed and fabricated.
The results of this earlier effort are contained in Technical Report AFATL-
TR-70-12, Nonrotating, Externally Powered Multzple-Barrel Gun, dated January
1970.

Several major changes were incorporated into the design of the firing
gun. The conveyor has been replaced with a delinker/feeder that accepts
belted 7.62mm ammunition, a 24-volt electric drive motor has been added, and
the gun has been redesigned to use as many 7.62mm GAU-2/A components as
possible, including barrels, bolt assemblies, bolt guideways, and a gun rotor
which is altered for this application. It has fired bursts of 200 rounds
in length; a peak firing rate of 5400 shots per minute (SPM) has been
recorded during the test phase of this program.
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Sk!C'iUiN II

WIALU'N BYSTEhM DI)JIGN

2.1 busic Dehsign Concept

The gun with the drive motor assembly and the dellukr/fccder mlrit.dP
to it is shown in Vigure 1 and schematically illu.trated in Figure 2. it
couists oi six barrels equally spaced on a 2-1/2-inch circle, a barrel
saupucrt, six bolt assemblies, a recoil udapter asscmbly, and a barrel cliui p;
all of these aue nonrotating components. The major rotating components
include the "iain drive cam assembly, the rear cover ausembly, the tranofer
;i 'v~k'-n, and tlhe squirrel calve assembly which includes the 160-tooth gear.
The drive cam robates around the barrel support one revolution fur ;very six
rounds fired, or 600 per round. The cox drives the bolt asseniblieii forward LUnd

reaxrard during operation and locates the bolt head so it can accept an in-
coming rotind and retain the round during ramming and extraction by engaging
the extraction groove. Attached to the drive cam assembly is a 144-tooth g ar.

A squirrel cage is located on the outside diameter of the drive cam.
Assembled to the cage are 24 screws equally spaced on a 6,00-inch pitch
diameter. The screw heads are undercut so they engage tae extraction grooves
of the rounds. This is the method used to control the flow of miunition
through the gun system.

A six-tooth 1-1/2-inch pitch diameter transfer sprocket rotates around
the barrel support with the drive cam. Its purpose is to engage live
ammunition in the squirrel cage and place it into the appropriate bolt head.
The transfer sprocket is fitted with three sets of holding pawls that are
cam-controlled to achieve this transfer from squirrel cage to gun. After
firing, the spent brass is re-engaged by the transfer sprocket in the spaces
between the teeth containing the holding pawls and replaced in the squirrel
cage.

The flow of aimmunition through the weapon can be traced if the motion
relitionships are borne in mind. The squirrel cage rotates 200 clockwise
per gun cycle while the transfer sprocket and the drive cam moves 600 in the
su~m direction per gun cycle. The transfer sprocket also rotates on its own
axis 1200 counterclockwise per gun cycle. The system is similar to a plane-
tary gear train where the barrel cluster is the "sun" gear, the transfer
sprocket is the "planet" piniLn, and the squirrel cage is the internal. gear.
The mechanics of operation of the weapon system is illustrated in Appendix I.

. " T-1 through 1-42 show the continuous flow of ammunition during the
first 42 gun cycles from the time the first round is introduced from the
delinker/feeder into the squirrel cage until expended brass is ejected from
the squirrel cage. Figures II-. through II-17 illustrate the major sub-
assemblies and details of the weapon system.

2.2 Description of Gun

The complete weapon system is 8-1/2 inches wide, 8-1/2 inches high,
and 32-3/4 inches long when fitted with 22-inch barrels. The total weight is
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4d pjunids. R breakduwni u:' Li weighLt ol'olows:

Wui6rL Weight

LUIWOtUIILg varts (I) Rotating Parts ib_)

Barrels (6) 14 Suuirrel Cage (with 160T aear) 3
Bolt Assemblies (6) I-1/2 Drive Cam (with 144T gear) 4
Barrel Support 9-1/2 Hear Cover Assembly 1
Dolin'ker/Voedcr 8 Countte'rweight 1-1/2
Drive Motor Assembly 4 Transfer Sprocket and Guides 1-1/2

37 11

2.3 Gear Train

The gear train transmits torque and maintains timing during operation of
the weapon system. It is shown in Figure 3 and is composed of a total of
thirteen gears: two in the drive motor assembly, four in the feeder/delinker
assembly, and seven in the gun.'

When energized, the drive motor transmits torque through a 21-tooth
pinion which is attached to the motor shaft and an idler gear which has 24
teeth. The idler gear is in mesh with a 36-tooth gear which mes ,es with a
144-tooth gear attached to the drive cam, A 20-tooth gear is pinned to the
same shaft as the 36-tooth gear and rotates with it. It meshes with a 160-
tooth gear which is part of the squirrel cage assembly; thus, when the
squirrel cage rotates one revolution, the drive cam rotates twice and in the
same direction.

A 28-tooth gear is pinned to the barrel support on the axis of the gun.
It does not rotate. A 15-tooth idler gear which is part of the rear cover
assembly is in mesh with it and rotates around its own axis as the reax
cover assembly rotates around the barrel support. A 14-tooth gear is pinned
to the transfer sprocket shaft and meshes with a 15-tooth idler. This
arrangement causes the transfer sprocket to rotate two revolutions in a
counterclockwise direction every time the rear cover assembly rotates once
around the gun axis in a clockwise direction. This is the method used to
transfer ammunition from the squirrel cage to the gun and back again.

Power to operate the delinker/feeder is transmitted by the 160-tooth
gear. It meshes with a 30-tooth gear. Attached to the other end of the
shaft is an 18-tooth gear that meshes with a 64-tooth gear. This 64-tooth
gear is pinned t, the center shaft of the delinker/feeder to which is
assembled the sprockets to pull linked ammunition belts into the delinker/
feeder mechanism. A 24-tooth gear is in mesh with the 64-tooth gear. A
three-tooth sprocket is pinned to the other end of the shaft to which the 24-
tooth gear is pinned. It accepts rounds after delinking has occurred and
feeds them into the proper positions in the squirrel cage.

All the gears have timing marks, as shown in Figure 3. These must be
strictly observed during assembly or the weapon system will Jam.

.. ... .. ..S". .. ! " .: . ' '...' 7h , : .' :L " i i
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2.4 Deliker/Feeder

The deliker/Ieeder assembly accepts linked amnunition belts and
strips rounds from links by pushing them forward out of engagement with the
links. The pushers are cam-cuntrolled and travel 1-13/16 inches in a forward
un rearward direcuLli. Af'L~i atiippirig, the iLhok areejected fro!"i fth
delinkUer/feeder; meanwhile, the rounds are accelerated to a 1.00-inch pitch
distance between rounds from a 0.58-inch pitch distance when in the ammuni-
tion belt. They are then engaged by a three-tooth reed sprocket which avcel-
erates them to a 1.57-inch pitch distance. This matches the pitch distance
oV the squirrel cage and th6 transfer sprocket and results in a smooth
transition since there is no change in velocity.

2.5 Drive Motor Assembly

Power to drive the weapon is obtained from a small, fractional horse-
power electric motor. It is held in position on the gun by an undercut stud
which accepts the assembly front plate and is locked by a single self-locking
pin.

The motor is a 28-volt DC 7/16 HP, 21 amperes at 8000 RPM. Temporary
overloads as high as 72 volts were applied during firing tests to increase
the firing rate without adverse effects.

2.6 1 ecoil Adapter Assembly

A single neoprene pad, composed of several 1/4-inch-thick laminations,
is used to absorb the shock and vibration during firing. The recoil adapter
is mounted to the rear of the barrel support, on the axis of the gun, and is
held in place by a self-locking pin. This location permits a minimum of
powder couple. The recoil pad is designed to minimize transmission of
recoil forces to the firing mount by dissipating a portion of the recoil
energy.

.7



SE1CTION ill

TEST FIRING SUMMAHY

The test firing progran was initiated at GARD uu 25 Optcmbcr 1970 -h4n
a total of 13 rounds were successfully fired at the contractor's indoor
range. With thu initial firing conpleted, plans were made for additional
testing at the coutractor's Ballistic Test Station (BTS) near Colorado
Springs where instrumented facilities were available.

A total of 514 rouids were fired at the Ballistic Test Station, the
longest burst z-ttempted and completed beling 24 rounds, The jams that occurred
indicated a need for a rudeuigned squirrel cage that would afford better
control of expended cartridge cubes when being placed into the squirrel cage
by the transfer sprocket after firing. High speed motion pictures clearly
show loss of round control at this time. A new squirrel cage was designed
and installed. It has lugs that engage the extraction grooves of the rounds
to afford the necessary control.

During November 1970, test firing continued at GARJD and at the Ballistic
Test Station where several belts of 48 rounds and two belts of 96 rounds
were fired. An attempt to fire a 200-round burst failed due to a jam at the
entrance of the deliLker/feeder. The cause of the Jam was rectified and a
200-round burst was fired during January at the GARD range.

Continued test firing indicated a need for a redesign of the transfer
sprocket holding pawls. The present pawls did not engage enough of the
circumference of rounds being transferred from the squirrel cage to the gu.
The redesigned pawls were fabricated and installed in the transfer sprocket,
and 185 rounds in three bursts were fired at the indoor range to check the
function of the holding pawls. The belt lengths were 35, 50, and 100 rounds.

Firing tests were resumed at the Ballistic Test Station during May 1971
when the following major bursts were fired:

2 of 200 rounds
1 of 198 rounds
2 of 100 rounds
5 of 50 rounds

The following results were observed with a voltmeter and an ammeter

installed in the power supply cable:

Peak Average
Belt Length Voltage Amperage FiR Firing Rate

(rounds) (8PM) (SPM)

50 48 90 4800 3530
50 60 105 5100 4200
50 72 115 54oo 4950

On 8 July 19'T1 the gun was demonstrated to interested personnel at

8



Egli, AFY1 by firing the following bursts:

1 of 6 rowids
1 or 18 rounds
4 of 50 rounuds

To date, 3636 rowids have been fired from the gun. The maximum recorded

tiring rute was 5400 shots per minute. The longest burst attempted and
ouceessfully fired was 200 rounds.

9



JECIUiN IV

C0ULUU iUNJ AIND £I(ECOMNUNATI UNL3

This effort hLLw etbiished tile P.rACLIcQUI f'vcsiuility of' the( flunrtutiig
111LILti-burrel gun. bursts of L00 ruuzuIs "ad' x1.u: up to 54dUU ukuiutl per milnutte
were recorded. A:i eUQULLUmI w! Lli...t t~w i.~,~n it.rUi

4

bility was low with several jwiis occurrinig in the feed systemn. The majority
of' jait or stoppageEi were due to poor roundl contrul butween the siquirrel Cage
and tile trarmi'ur ep1)voekQL. The preuout Uingiev LuplUceL ducL~iri l ieij,!1u
for ito silmplicity, but aniy future model suuuld je(.v(,rt buck to a three-
sprvocket U0611611tindI teno-ivn mdl whlich ufforc miuch
Ibotter round control.

This~ firing model, togethor with the pruviouu inon-tiring modelj, cleurly
illuotrato~j thle scudneuu of' dtcign. TIhis Concept iu Ire-uuuuwnded fo(:r
uonsideration Inl any Vuture high performulnce "nyoteinl. Thnis type gunl uheuld
especially be effective in laurge c'alibers where the Ipowux roquired to roLlitc
at conventional heavy barrel Outling would Lie exueuboive. T1he stationuary
bar~rels of' this design will alsno resiult in improved accuracy.

10



API'ENDIX I

AMUNI'IUN iLUW i)IALMA& DEPIC'ING 'TiE

NLXHiANW6 1UF OPEIUkA±ON OF TI2LE Wk.AIUIJ YiU1~

'iihc mcLhud uf i usLi'viU ui' Lhib wujpwL t&i yu ,,n v bcaL 5 . ...
b a eerieo if ShCuI,.Liu ill LraLlun . Thlo appndix is composed of the
first forty-two gun cycles starting with the first round about to enter the
3jqui,'Tei cuge (see Figures 1-1 through 1-42). It i intended to show the

aUmLunitlon flow dur'ing operation. The number of gun cycles shown is a random
number and has no significunce. It may be noted that, although rounds are
fod into thQ gun in a coni;ecutive manner (i.e., l, 2, 3, 4, 5, 6, 7, 8, etc.).
they are fired in the following sequence starting with the transfer sprocket
in the position shown:

6 5 4 3 2 1, (Figures i-I0 through 1-15)
12 11 10 9 8 7, (Figures 1-16 through 1-21)
18 17 16 15 14 13, (Figures 1-22 through 1-27)
24 23 22 21 20 19, etc. (Figures 1-28 through 1-33)

Ejection from the gun is in another sequence:

3 4 5 6 X X, (Figures 1-18 through 1-23)
9 10 ii 12 1 2, (Figutres 1-24 through 1-29)

15 16 17 18 7 8, (Figures 1-30 through 1-35)
21 22 23 24 13 14, etc. (Figures 1-36 through 1-41)

In both firing and ejection sequences a series of six repeats occurs.
This is due to the gun having six barrels. It enables one to predict the
location of tny individual round at any time, when it will fire, and when it
will be ejected.

1 .
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Figure 1-2. Pooition 2: Round 2 Entering Squirrel. Cage
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Figure~ ~ ~ ~ 1-.Psto : on nein qirlCg
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Figure 1-4. Position 4: Round 4 Entering Squirrel Cage
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Figure 1-5. position 5: Round 5Entering Squirrel Cage
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Figure 1-6. Position 6: R~ound 6 Entering Squirrel. Cage
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Figure I-7. i.,)Bitiofl 7: Round 7 Entering Squirrel Cage
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Figure 1-8. Position 8: Round 8 Entering Squirrel Cage
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F'igure 1-9. Position 9: Round 9 Entering Squirrel Cage
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FIREI

Figure 1-10. Position 10: Round 10 Entering Squirrel Cage,

Round 6 Fired
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Figure 1-12. Position 12: Round 12 Entering Squirrel Cage,
Round 4 FPimd

23



FIRE

Figure I-13. Position 13: Round 13 Entering Squirrel Cage,
Round 3 Fired
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AFIRE

Figure 1-14. Position 14: Round 14 Entering Squirrel Cag~e,
Pound 2 Fired
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Figure 1-15. Position 15: Round 15 Entering Squirrel Cage,
Roud 1 Fired
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Figure 1-16. Position 16: Round 16 Entering Squirrel Cage,
Round 12 Fired
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Figure 1-17'. Position 17: Round 17 Enterinw Squirrel. Ca~ge,
RoundQ 11 Fired
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Figure 1-18. Position 18: Round 18 Entering Squirrel CBge,
Round 10 Fired, Round 3 Bein6 Ejected
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Fiur 1-9 PoiiN.9 on 9EneigSure ae
Round 9 ired, Rond en jce
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Figure 1-20. Position 20: Round 20 Entering Squirrel Cage,
Round 8 Fired, Round 5 Being Ejected
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Figure 1-21. Position 21: Round 21 Entering Squirrel CaGe,
Round 7 Vired, Round 6 Being Ejected
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Figure 1-22. Poattion 22: Round 22 Enterizg SquIr'el Cage,
'R.ound 18 Fired
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Figure 1-23. Position 23: Round 23 Entering Squirrel Cage,
Round IT Fired
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FIRE

Figure .E-24. Position 224: Round 214 Entering Squirrel Cage,
Round 16 Fired, Round 9 Being B.~ectad
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Figuxe 1-25. Position 25: Round 25 Entering Squirrel Cage,
Round 15 Fired, Round 10 Being Ejected
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Fig~ure 1-26. Position 26: Rovnd 26 Lintexing Squ~Irel Cage,
Round 14 Fired, Round 1). Being Ejected
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Figure 1-27. Po03itiofl 2t~ Round 27 Entering Squirr'el Cage,

Round 13 Fired, Round 12 Being Ejected
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Figure 1-28. Position 28: R~ound 28 Entering Squirrel Cage,
R~ound 24 Fired, Round 1 Being Ejected
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Figure 1-29. Position 29: Bound 29 Entering Squirrel. Cage,
Round 23 Fired, Round 2 Being Ejected
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Figur 1-0 oiin3:Rud3VVtrnSure ae

Figre -30 Psiton 0:Round 22Cird Bouernd 15uein CEgecte
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400
Figure 1-31. Position 31: Round 31 Entering Squirrel Cage,

Round 21 Fired, Round 16 Being Ejected
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Figure 1-33. Positiou 33; Bound 33 Entering Squirrel Cage,

Round 19 Fired, Round 18 Being Ejected

414~



414

Figure 1-314. Position 34+: Bound 314 Entering Squirrel Cage,
Round 30 Fired, Round 7 Being Ejected
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Figure 1-35. Position 35: Round 35 Entering Squirrel Cage,
Round 29 Fired, Round 8 Being Ejected
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FIRE

Figure 1-36. Position 36: Round 36 Entering Squirrel. Cage,
Round 28 Fie, Round 21 Being Ejected
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Figure 1-37. position 37: Round 37 Entering Squirrel Cage,
Round 27 Fired, Round 22 Being Ejected
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Figure 1-38. Position 38: Round 38 Entering Squirrel Cage,
Round 26 Fired, Round 23 Being Ejected
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Fig~ure 1-39. Position 39: Round 39 Entering Squirrel Cage,
Round 25 Fired, Round 224 Being Ejected
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31

Figure 1-41. Position 41: Round 41 Entering Squirrel'Cage,
Round 35 Fired, Round 14 Being Ejected
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CV0
Figure 1-42. Position 42: Round 42 Entering Squirrel Cage,

Round 34 Fired, Round 27 Being Ejected
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A scries ji phutugrapit are prtlteted int tii;i tpju(ztdiX Lu iliiLutrutc 1.1.:
taa~lr aubasemblics a ~i detalij uoX the weupozt t~ysttn. (See Figures 11-1

through 11-17.)
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The development of a 7.6~im gun is described together with druwings, photographs 0
4 firing swruary, and a series of~ diagrams to illustrate the flow of rounds. The gun (P
features -a stutionary burrei cluster. Rotating arond tn. barrel cluster is a
pla:netary mechanlisin that feeds and removes tvnxunition from the gun. The planetary t
mechanisrm is tiupplied by a continuous flow delinker/feeder that accepts linked u
wnmuition. The gun was designed to use standard 7.62rua mini-gun barrels, bolt
asselablies, bo.tt guideways, and a gun rotor which is altered for this application.
A 2 4 -volt DC electric motor is used to drive the weapon system.
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